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PURPOSE: To enable the easy and stablecontrol of thejeed of raw material gas. 
for the preparation of glass soot. byjieaung_and_directly vaponzmg the raw 
material, and sending the raw material gas to the combustion burner 

CONSTITUTION: The solution of GeC/, and that of SiC/. are stored in the vessels 
20 and 21 as the raw materials, respectively. The vessels 20 and 21 are fur- 
nished with the^edjpjBes.22_and 23 at their bottoms.to feed the GeC/, solution 
etc. contained tfi^lnTlnd the feed pipes 22 and 23 are provided with the pumps 
24 and 25 to suck the GeC/, solution and SiC/, solution, respectively. The GeC/ 
solution and SiC/. solution are pumped with the pumps 24 and 2o through the 
feed pipes 22 and 23 to the h eating chambers ,26..and 27. and_dropped to the 
upper surfaces of the heaUj^S^rdjgjieaLedjt.definite temjjeratKS The 
GeC/. solution and SiC/. solution and are evaporate d immediately on dripping 
16' the" heaters, and fill in respective chambers. The evaporated raw j material 
gases are sent to the combustion burner through the outlets 13. 14 and the teea 
pipes. 
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DETAILED DESCRIPTION 
T"! Subject ot invention 

Gas feeding method in glass fine particle manufacturing 
2. Scope of the Patent Application 

(1) A gas feeding method in glass fine particle 
manufacturing having the following characteristics: the solid or 
liquid raw materials for forming glass fine particles are 
introduced into heating chambers; by the heating of the 
chambers, the aforementioned raw materials are directly 

1 vaporized to become raw material gases; and the raw material 

gases are delivered to the combustion burner(s). 

(2) A gas feeding method in glass fine particle 
manufacturing having the following characteristics: in Item 1, 
Scope of the Patent Application, the aforementioned liquid raw 
material is vaporized by dropping the liquid to the heater 
inside the heating chamber. 

(3) A gas feeding method in glass fine particle 
manufacturing having the following characteristics: in Item 1 
or Item 2, Scope of the Patent Application, different kinds of 
raw materials for forming glass fine particles are mixed 
beforehand in a specified ratio, and the mixture is directly 
vaporized. 

1 3. Detailed Explanation of the Invention 

1 As one of the general manufacturing methods of optical 

[ fiber, flame hydrolysis method is available. In this method, 

f 

the major raw material SiCl^ is delivered to th burner with 
carri r gas, and the SiCl^ gas is hydrolyzed utilizing the flame 

\ 

r 


i 

i 
i 

generated by using combustion gases. The formed Si0 2 soots are 
~ deposited on a rotating body to manufacture glass body. In this 

case, since it is necessary to contain the light inside the 
fiber of the optical fiber to achieve transmission, it is 
essential to provide a refractive index difference between the 
center portion of the glass body and the circumference portion. 
Thus, generally dopant gases such as BClj, GeCl 4 , POClj, etc. 
dopants for adjusting the refractive index are combined with the 
I aforementioned SiCl 4 gas to distribute B 2 °3' Ge0 2' etc * into the 

t s *°2 # Her ©/ generally in order to obtain the most suitable 

refractive index distribution for enhancing the optical fiber 
band, the dopant concentration is arranged so that it will have 
square distribution from the center to the circumference in the 
fibercrosssection. 

In the aforementioned manufacturing method, the SiCl^ gas 
and the dopant gas such as GeCl^ gas are generally supplied by 
bobolinks as shown in Fig 1. In more concrete term, GeCl^, 
SiCl^, etc. liquid raw materials are stored in bubblers 10 and 
10, and a carrier gas at a certain temperature and flow rate is 
delivered into these raw material liquids to vaporize the raw 
material liquids. To the top portions of the bubblers, delivery 
pipes 11 are provided; through these pipes, the vaporized raw 
material gases are fed into the flame, together with the carrier 

i 

T T gas. For the carrier gas, normally, Q , N 2 , Ar, He, etc. are 

| utilized. In this case, the amount of the raw material gas 

\ b ing fed is determin d by the temperature and the flow rate of 

the carrier gas. Assuming that the saturated vapor pressure of 

I 
\ 
i 
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th raw material at temperature T is atom, and the flow rate 

" of the carrier gas is V , then the flow rate of the raw material 

^ c 

gas will become as follows, according to Dalton's Partial 
Pressure Principle: 

v d - Ol x Vc/1- <X . 
From this equation, it is clear that for supplying a large 
quantity of raw material gas, a large quantity of carrier gas 
will be necessary. However, in practice, even if the carrier 
gas flow rate is made large, by the influence of the bubbler 
1 shape and capacity, the effective will become smaller; thus 

there is a limitation in the feeding efficiency. Furthermore, 
there is also a shortcoming that large quantity of carrier gas 
will greatly disturb the flame stability to disturb the 
distribution of the dopant. 

The present invention is to provide a feeding method in 
which the aforementioned shortcoming will not occur so that th 
raw material gas can be stably and easily controlled. The 
construction is characteristically that the solid or liquid raw 
material for forming glass fine particles is introduced into a 
heating chamber, and by the heating inside the chamber, the 
aforementioned raw material is directly vaporized to become raw 
material gas; then the raw material gas is delivered to the 
combustion burner. 

i The prescient invention is illustrated in details below 

i 

\ with performance examples. 

F 

I As an example of glass soot body manufacturing method, the 

I 

vapor phase axial deposition method (VAD method) is describ d 
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below. To the bottom side of the rotating body, a burner is 
provided. To this burner, H 2 , 0 2 , etc. combustion gasses are 
delivered, and simultaneously, SiCl 4 as raw material gas and 
for example, GeCl 4 gas for forming refractive index adjusting 
metal oxide are also delivered to the burner. In the burner 
flame, the aforementioned raw material gases are hydrolyzed to 
form Si0 2 and Ge0 2 soots, and they are deposited on the bottom 
of the aforementioned rotating body. The rotating body is 
gradually pulled upward to accumulate the glass fine particles 
to form a rod shape glass fine particle assembled body. In this 
case, with the deposition of Si0 2 fine particles, Ge0 2 dopant 
for adjusting the refractive index is simultaneously deposited 
in specified concentration contents in the fine particle body 
accompanying the growth of the glass fine powder assembled body. 

Examples of the equipment construction for delivering the 
aforementioned raw material gases are shown in Fig 2 through Fig 
4. Fig 2 construction is a gasification equipment example, in 
which the raw material GeCl 4 liquid and SiCl 4 liquid are 
separately introduced into separate heating chambers. In this 
equipment example, the raw material GeCl 4 liquid and SiCl 4 
liquid are each stored in vessel 20 and 21. At the bottom of 
the vessel 20 and 21, the delivering pipes 22 and 23 for 
delivering the GeCl 4 and SiCl 4 inside the vessels are arranged, 
respectively, and in the pipes, pumps 24 and 25 are provided for 
pumping the GeCl 4 liquid and SiCl 4 liquid. 

Meanwhile, th pip s 22 and 23 are ach connected to the 
heating chambers 26 and 27, respectively. The heating chambers 
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26 and 27 are maintained air-tightly and at their bottoms, 
heaters 28 an 29 are provided; further, the tip ends or tne 
aforementioned delivering pipes 22 and 23 (in the Japanese text, 
23 and 23 were misprinted as 24 and 25) are opened at the 
positions immediately above the heaters 28 and 29, respectively. 
And for guiding the vaporized gases to the outside, the exhaust 
openings 13 and 14 are provided at the top portion side walls of 
the heating chambers. To these exhaust openings 13 and 14, 
pipes reaching to the combustion burner are connected. In the 
aforementioned construction, GeCl 4 liquid and SiCl 4 liquid are 
delivered to heating chamber 26 and 27, respectively through the 
delivery pipe 22 and 23 by the pump 24 and 25 and dropped on th 
top faces of the heater 28 and 29, respectively. The heater 28 
and 29 are heated to specified temperature( s ) ; when the GeCl 4 
and SiCl 4 are dropped, they will be spontaneously vaporized by 
the heating to fill the inside of the chambers with the 
respective vapors. The vaporized raw materials gasses are 
delivered to the combustion burner through the exhaust openings 
13 and 14 and the delivering pipes. 

Fig 3 construction is an example in which the raw materials 
are premixed in a specified ratio for vaporization. In this 
equipment example, the vessel 30 stores the raw material liquid 
made up by mixing SiCl 4 and GeCl 4 in a specified ratio. To the 
vessel 30, similar to Fig 2, the delivery pipe 31, the pump 32 
and the heating chamber 33 are connected. The aforementioned 
mixed raw material is delivered to the heating chamber 33 
through the delivery pipe 31 by the pump 32. It is dropped on 


I 

i 
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the heater 34 and vaporized to become the raw material gas with 

the specified mixing e r f— OiCl^ and GcCI^j 

Fig 4 construction is an example of equipment, in which the 
vaporization is carried out without dropping the liquid on a 
heater. To one end of the heating chamber 40, the nozzle 41 for 
spraying the liquid into mist is arranged and the raw material 
liquid delivery pipe 42 is connected to the nozzle 41. 
Furthermore, to the outside of the heating chamber 40, the 
heater 43 is arranged to heat the chamber to high temperature. 
And the to the other side of the heating chamber 40, an exhaust 
opening is provided. To the exhaust opening, the gas delivery 
pipe 45 is connected. In this equipment example, the raw 
material liquid is sprayed as mist into the heating chamber 
through the nozzle 41. At this, since the heating chamber is 
heated to a high temperature, the raw material liquid sprayed 
inside will immediately vaporize to become raw material gas, 
which will be delivered to the combustion burner through the 
exhaust opening and the gas delivery pipe 45. 

The feeding method of the present invention described above 
possesses the following advantages. 
~ (1) Since no carrier gas is used, a large quantity of raw 

material gas can be directly delivered, and inconvenience such 
as the disturbance by the carrier gas will not occur. 
* (2) The flow rate of the raw material gas to be fed into the 

f 

I burner can be controlled with good precision. By the 

F 

[ . conventional method using a carrier gas, th influences by the 

\ liquid temperature and gas temperature and pressure have to be 
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considered; thus the flow rate control is not necessary easy. 
In the — present — invention &s — tei^g — a-s — fefee — a-fi*e**R-fc — e-x-c code a certain 
level, the gas formation will be proportional to the amount of 
the liquid dropped; thus its control is extremely easy and the 
precision is also good. 

(3) The raw materials can be used after premixing. In the 
conventional method employing carrier gas, due to the presence 
of various difficult problems such as gas partial pressure, 
solubility, etc., the raw material liquids have to be stored 
separately for vaporization; hence the equipment will become 
larger, and in addition, the adjustment of the mixing ratio is 
not easily achieved. In the present invention, the raw 
materials can be mixed to a specified ratio beforehand and the 
mixture can be vaporized as is; thus the adjustment/control will 
be easier. 

(4) It is not limited to liquid raw materials; solid raw 
materials can also be employed. In the conventional method 
using carrier gas, since bubbling is necessary, it is limited to 
liquid raw material. In the present invention, since the 
vaporization can be achieved by placing a specified raw 
material(s) onto the heater, solid raw materials can be also 
used. 

Moreover, in the above illustration, SiCl 4 and GeCl 4 were 
described as example; however, it is not limited to these, it 
can be widely applied by using other raw materials. 

Next the present invention is shown by performance 
examples . 
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Performance Example 1> 

Us^wkg — fctae — &^5rW — m-a-&©-&i*a-l — f c odi ng moo - han i sro — 9+*m«ft — — pig 2 , 

SiCl 4 and GeCl 4 , respectively in 10~ 2 ml/minute and 5 x 10~ 3 
ml/minute ratio, were vaporized and fed into the flame of the 
burner along with H 2 and 0 2 , respectively in 2.5 iL/minute and 6 
JL/minute ratio to form fine particle soot body. The soot body 
was consolidated to a transparent preform in He atmosphere at 
1600°C (in Japanese text, the temperature is misprinted as 
160°C). The fiber prepared from this preform was: at 0.85 um 
wavelength region, An « 1%, 2.3 dB/km, 800 MHz Km 0.8 (? not 
clearly copied); it was a low loss and high band fiber. 
Performance Example 2> 

As shown in Fig 3, the raw material liquid mixed with 
SiCl 4 /GeCl 4 - 10/2 mole ratio and stored in one tank (vessel) 
was delivered to the heating chamber by the pump at 10~* 
ml/minute rate for vaporization. The vapor was fed to the flame 
fed together with H 2 4 JL/minute and 0 2 10 JL/minute ratio to 
prepare fine particle soot body. The aforementioned soot body 
was then consolidated to a transparent preform in He atmosphere 
at 1600°C. The properties of the fiber obtained from this 
preform were similar to those of Performance Example 1. 
4. Brief Explanation of Figures 

Fig 1 is a principle diagram of the conventional gas 
delivering method. Fig 2 through Fig 4 show the gas delivering 
methods based on the present invention. 
In the figures, 

10 is bubbler; 11 is delivering pipe; 20, 21 and 30 


are vessels (or tanks); 22, 23, 31 and 42 are delivering pipes; 

pa 07 77 a r>H aci a ro hoaMng c hambers: 28, 29 and 34 are 

heaters; 13 and 14 are exhaust openings; 45 is gas delivering 
pipe . 
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